The origin of the observed changes was investigated using a method to find an underground magnetic dipole corresponding to geomagnetic changes observed on the earth's surface. The result suggests that the origin of changes in total intensity during preand post-earthquake periods would be an increase of tectonic stress. On the other hand, the origin of changes associated with the earthquake occurrence is not likely to be directly associated with aftershock activity in the western part of Izu Peninsula but rather likely to have something to do with an effect of the main shock.
1. Introduction STACEY (1964) , YUKUTAKE and TACHINAKA (1967) and others presented a few models by which we may account for seismomagnetic effect. The pattern of anomalous magnetic field arising from such models seems likely to be expressed, to a rough degree of approximation, by that of a hypothetical dipole assumed under the ground surface. This also the case of an actually observed anomalous change in the geomagnetic field as revealed by comparing a pre-earthquake magnetic survey to the post-earthquake one. RIKITAKE (1950a, b) proposed a method of finding the position, intensity and direction of an undergound magnetic dipole which approximately accounts for a magnetic anomaly observed on the earth's surface. This method was applied to the changes in magnetic dip observed in association with the Shizuoka earthquake of July 11, 1935 , and the 1950 eruption of Volcano Mihara, (RIKITAKE, 1951 . These dipoles representing magnetic anomalies are supposed to be given rise to by demagnetization of rock constituting the volcano due to the increase in temperature in the case of the eruption of Volcano Mihara and by the effect of stress on remanent magnetization of rocks (NAGATA, 1969) in the case of the Shizuoka earthquake. It now appears that piezomagnetic effect is important even for a volcanic case (e. g., DAVIS, 1976; SASAI, 1979) . It was also reported by FUJITA (1965) that the changes in the declination, horizontal intensity and vertical intensity observed in association with the 1964 Niigata earthquake were well approxi- mated by an underground magnetic dipole. The magnetic surveys have repeatedly been carried out in the western part of Izu Peninsula since 1976 (TANAKA and OHSHIMAN, 1978) . In 1978, the surveys were carried out in January immediately after the occurrence of the earthquake and also in March, about two months later. Figure 1 illustrates the distribution of magnetic stations in the western part of Izu Peninsula. The stations indicated by numbers with a prime symbol were reestablished because of artificial disturbances. Figure 2 illustrates the total intensity changes at respective stations relative to the Kakioka Magnetic Observatory in Ibaraki prefecture during the period from November, 1976 to June, 1977 ( Fig. 2(a) ), from June, 1977 to January, 1978 ) and from January, 1978 to March, 1978 ), respectively. In Fig. 2 , SH indicates the relay station established at Sugehiki where the total magnetic intensity has continually been observed by the Earthquake Research Institute group (SASAI and ISHIKAWA, 1977, 1978) .
In this paper, Rikitake's method is extended to the case in which an anomaly is given in terms of the total intensity and actually applied to the total intensity changes associated with the Izu-Oshima Kinkai earthquake (magnitude 7.0, January 14 , 1978).
Theory
Let us take a Catesian coordinate system (x, y, z) as illustrated in Fig . 3 and consider a sphere which is magnetized uniformly. The simultaneous equations for Gauss coefficients of the potential of magnetic anomaly field as obtained by RIKITAKE (1950a , b) are expressed by the following Eqs. (1), (2), and (3). In this paper we use the same notations as used in Rikitake's paper, but the coordinate system is somewhat different . (1)
(2) (7) or (8) In other words, we must find out the value of a which satisfies the condition (7) or (8) by means of trial and error. If a is obtained, the position of the magnetic dipole can be determined by the following relations (SCHMIDT, 1943) . (9) where (10) Finally the depth of the magnetic dipole is determined by using the radius of the sphere and the Eq. (9), and the direction of the magnetic dipole is derived from the coefficients. Dipole determination based on the method mentioned above, however, depends upon the location of the origin of the coordinate system. Therefore, we should take the origin of the coordinate system by taking into consideration the physical meaning of an underground magnetic dipole. 15, 1978 15, (after TSUMURA et al., 1978 . F4 indicates the left lateral strike slip fault (after OKADA, 1978) . like the fault F4 point to the north on a horizontal plane. Therefore, in order to investigate the origin of the negative anomaly in Fig. 2 (b) , which seems to be caused by the fault F4, the origin O' of the plane Cartesian coordinate system (x, y) was taken at the center of the fault F4 as is shown in Fig. 2 . Then, the origin O of the Catesian coordinate system (x, y, z) is located beneath O'. (The depth of the origin from the earth's surface can be determined by solving the simultaneous Eqs. (5).) The results of analyses are summarized in Table 2 . In the analyses, we assumed typical values of field intensity in this Fig. 7 . The equal-area projection of the underground magnetic dipole. M1, M2, and M3 denote the dipoles during the period from Nov., 1976 to Jun., 1977 , from Jun., 1977 to Jan., 1978 , and from Jan., 1978 to Mar., 1978 
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Concluding Remarks
The geomagnetic changes observed at survey stations in the western part of Izu Peninsula, except in the northern one, during the period from June, 1977 to January, 1978 are considered to be co-seismic ones accompanying the Izu-Oshima Kinkai earthquake. Such a presumption seems reasonable since the secular changes after the earthquake are characterized by a similar trend at any station except ones in the northern part (see Fig. 4 ).
However, it seems unreasonable to interpret these changes in terms of seismic activities, particularly the largest aftershock (M=5.8), in the western part of Izu Peninsula after the main shock, as implied by the unsuccessful result of underground magnetic dipole model by which an attempt was made to account for changes during the period from June, 1917 to January, 1978. The displacement of the sub-fault in the eastern part of Izu Peninsula as well as that of the main fault should be taken into account in order to obtain a reasonable interpretation for the geomagnetic changes observed in the western part of Izu Peninsula. Tokyo, 53, 823-840, 1978 (in Japanese) 
